CRP and WBC are the most widely used markers of infl ammation in veterinary clinical diagnosis. Also, PCT is a specifi c APP marker of bacterial diseases in humans. This study evaluated the levels of PCT, CRP and WBC during postoperative monitoring of bitches undergoing ovariohysterectomy. Thirteen adult clinically healthy female crossbreed dogs aged between 7-24 months were used in the study. Ovariohysterectomy was performed via medial laparotomy using routine procedures. Blood samples were collected from the cephalic vein at 1, 4 and 7 days after surgery (post-op period). Mean serum concentration of PCT, CRP and WBC levels were increased after the surgery. CRP concentrations and WBC counts were increased signifi cantly (p<0.001) on the fi rst day after the operation and decreased to basal values. However, the PCT rise was not signifi cant. CRP and WBC levels increased rapidly and decreased to normal values in dogs with ovariohysterectomy. CRP and WBC may be of help to determine the possible postoperative complications. Besides, aseptic surgical trauma did not affect PCT levels in dogs. Future studies are needed on canine PCT response focusing on specifi c bacterial infections.
INTRODUCTION
The acute phase reaction (APR), is a nonspecifi c response that occurs after infection, infl ammation, neoplasia or other mechanisms. During the APR, acute phase protein concentrations increase before clinical signs appear [1, 2] . Procalcitonin (PCT) consists of 116 amino acids and is produced and secreted by thyroid C cells. During infection and septicemia there is an increase in PCT circulating levels [3] . Production of PCT is regulated by proinfl ammatory cytokines produced by extrathyroidal organs such as lung, liver, pancreas, colon and other [4, 5] . In humans, PCT is a specifi c acute phase protein (APP) marker in infectious bacterial diseases differentiating between infectious and noninfectious infl ammatory diseases [6] . C-reactive protein (CRP) is an APP and has been used for the prognosis and diagnosis of several critical illnesses. CRP is an APP marker of nonspesifi c infl ammation and is used for treatment monitoring in dogs and humans [2, 7, 8] .
Ovariohysterectomy is a commonly used surgical method of contraception and is also the treatment of choice for pyometra and prevention of mammary gland tumors in dogs [2, 9] The prevention of postoperative complications depends on the health status of the operated animals. Serum concentrations of CRP and WBC are mostly used as infl ammatory markers in clinical diagnostics [10, 11] . Clinical symptoms of bacterial infection are nonspecifi c and the confi rmation of the diagnosis is often diffi cult. When PCT is compared to other markers of infection/infl ammation, it seems to be more sensitive and more specifi c for monitoring bacterial infections in humans [12, 13] . For these reasons, the aim of the present study was to evaluate the levels of PCT, CRP and WBC in monitoring postoperative complications in dogs following ovariohysterectomy.
MATERIAL AND METHODS
Thirteen adult healthy female crossbreed dogs, aged between 7-24 months were used in the study. All dogs were clinically examined; blood samples were collected for routine hematologic and biochemical tests to asses signs of any pathologic condition before the operation. All procedures were approved by the local animal care and use committee and written consents were obtained from the dogs'owners prior to inclusion. Venous blood samples were collected prior to the surgery and post-op on the 1 st , 4 th and 7 th day for WBC, PCT and CRP analyses.
Ovariohysterectomy was performed via medial laparotomy by routine methods. Dogs were anaesthesized with an intramuscular injection of 2 mg/kg xylazin and 15 mg/ kg ketamine hydrochloride after 24 hours of starvation. No complications related to anesthesia or hemorrhages were observed during the operation. There were no complications after the surgery and all dogs recovered uneventfully. Serum CRP concentrations were determined by using of a solid phase sandwich immunoassay (Canine CRP kit; Tridelta Development, Ireland). WBC levels were determined by an automatic blood counter (Mindray BC-2800 VET, China). Procalcitonin concentrations were measured by using dog-specifi c procalcitonin kits (Canine Procalcitonine ELISA Kit, Cusabio, China).
One-way ANOVA of repeated measures and Duncan's test were used to determine the CRP, PCT and WBC concentrations in dogs before and after the operation. The signifi cance level in each case was acceptaed at p<0.05. Pearson's correlation analysis was used to determine the relationship between the mean levels of serum CRP, PCT and WBC . P value of p<0.05 was considered statistically signifi cant.
RESULTS AND DISCUSSION
The results of this study are shown in Table 1 . The mean serum concentration of PCT was 12.33±3.80 pg/mL before the operation. The mean serum PCT level was slightly increased on post-op fi rst day but this increase was not signifi cant and reached basal levels on the 4 th day after the operation. Before the surgery, mean serum CRP level was 4.47±1.07 μg/mL. This level signifi cantly increased to 43.90±5.49 μg/mL on the fi rst day after the operation (p<0.001). CRP level was decreased down to 9.02±1.37 μg/mL and 8.84±1.68 μg/mL on day 4 and 7 after the surgery. On days 4 and 7, the levels of CRP concentration decreased to its pre-op concentrations. Mean blood WBC count was 22.03±3. 11 10 9 /L before the surgery. WBC count was increased signifi cantly (p<0.001) on the fi rst day after the operation and decreased to 16.50±1.58 on day 4 and to 14.89±1.23 on day 7. Serum CRP level was positively correlated with WBC. Serum PCT level was not correlated with CRP and WBC levels ( Table 2 ). The results of the present study show that plasma PCT levels are not signifi cantly affected by ovariohysterectomy. Available data suggests that no complications occurred related to the surgery. It may be implicated that aseptic surgical trauma did not infl uence the PCT concentrations and the use of it is limited for monitoring during the recovery period. Several animal and human studies have shown a sustained increase in the concentration of plasma PCT during serious infections and induced endotoxemia [4] [5] [6] . Yılmaz et al. (2008) reported that PCT rose as a response to endotoxemia in dogs. Kuzi et al. (2008) reported that PCT was used to be a diagnostic and prognostic marker in diseased dogs. One original study reported PCT mRNA expression, indicating that PCT was suggested to be a APP among dogs [6] . Indeed, canine PCT mRNA expression did not differ signifi cantly between infectious and noninfectious diseases. According to the results of the latter study, dogs presented a wider range of their infectious disease and more heterogeneous infl ammatory condition and APR.
In the present study, pre-op mean CRP concentration was 4.47±1.07, it increased to 43.90±5.49 on the fi rst postoperative day. Serum CRP concentration increases approximately 10 folds in dogs undergoing ovariohysterectomy. The mean serum CRP concentration was decreased on day 4 and day 7 post-surgery. Surgical injury to the peritoneum may be related to serosal infl ammation. Peritoneal mesothelial cells organize the infl ammatory processes. These cells are the source of proinfl ammatory mediator cytokines such as IL-1 and IL-6. These cytokines increase in tissue injury and local infl ammations caused by an increase in CRP concentration [10] . KjelgardHansen et al. (2013) repored that serum CRP response varied according to the degree of surgical trauma and canine serum CRP levels, and would qualify as an infl ammation monitoring marker in the postsurgical recovery period. WBC is a marker that helps to show the determination of infl ammation and prognosis. In this study, WBC levels were signifi cantly increased and then declined to normal physiological values on the 4 th and 7 th day. Similarly, several studies have suggested that cytokines, APPs, and other biomarkers of infl ammation such as WBC indicate presence of postoperative complications, and might be used to predict short-and long-term outcomes in surgeries [16] . In this study, a positive correlation was observed between serum CRP and WBC levels (in pre and post operative days), but there was no correlation between mean plasma PCT levels with CRP and WBC. The lack of correlation between PCT and other parameters is most likely associated with no complication related to infl ammation were observed during seventh day of following the surgery.
In conclusion, CRP and WBC levels of dogs increased rapidly and decreased to normal values after ovariohysterectomy. The postoperative levels of this markers coincided with the recovery period. CRP and WBC may have helpful tools to determine postoperative complications. However, aseptic surgical trauma did not affect the PCT levels in dogs. Future studies on canine PCT response in specifi c bacterial infections are needed. Specifi c differences have been described in other APPs that may exist in canine PCT response. Besides, it is essential to develop available gold standard methods for measuring canine PCT levels.
